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Abstract
%DFNJURXQG 7HOHPRQLWRULQJRIV\PSWRPVDQGSK\VLRORJLFDOVLJQVKDVEHHQVXJJHVWHGDVDPHDQVRIHDUO\GHWHFWLRQRIFKURQLF
REVWUXFWLYHSXOPRQDU\GLVHDVH&23'H[DFHUEDWLRQVZLWKDYLHZWRLQVWLWXWLQJWLPHO\WUHDWPHQW+RZHYHUDOJRULWKPVWRLGHQWLI\
H[DFHUEDWLRQV UHVXOW LQ IUHTXHQW IDOVHSRVLWLYH UHVXOWVDQG LQFUHDVHGZRUNORDG0DFKLQH OHDUQLQJZKHQDSSOLHG WRSUHGLFWLYH
PRGHOOLQJFDQGHWHUPLQHSDWWHUQVRIULVNIDFWRUVXVHIXOIRULPSURYLQJSUHGLFWLRQTXDOLW\
2EMHFWLYH 2XUREMHFWLYHVZHUHWRHVWDEOLVKZKHWKHUPDFKLQHOHDUQLQJWHFKQLTXHVDSSOLHGWRWHOHPRQLWRULQJGDWDVHWVLPSURYH
SUHGLFWLRQRIKRVSLWDODGPLVVLRQVDQGGHFLVLRQVWRVWDUWFRUWLFRVWHURLGVDQGGHWHUPLQHZKHWKHUWKHDGGLWLRQRIZHDWKHUGDWD
IXUWKHULPSURYHVVXFKSUHGLFWLRQV
0HWKRGV :HXVHGGDLO\V\PSWRPVSK\VLRORJLFDOPHDVXUHVDQGPHGLFDWLRQGDWDZLWKEDVHOLQHGHPRJUDSK\&23'VHYHULW\
TXDOLW\RIOLIHDQGKRVSLWDODGPLVVLRQVIURPDSLORWDQGODUJHUDQGRPL]HGFRQWUROOHGWULDORIWHOHPRQLWRULQJLQ&23':HOLQNHG
ZHDWKHUGDWDIURPWKH8QLWHG.LQJGRPPHWHRURORJLFDOVHUYLFH:HXVHGIHDWXUHVHOHFWLRQDQGH[WUDFWLRQWHFKQLTXHVIRUWLPH
VHULHVWRFRQVWUXFWXSWRSUHGLFWLYHSDWWHUQVIHDWXUHVIURPV\PSWRPPHGLFDWLRQDQGSK\VLRORJLFDOPHDVXUHPHQWV:HXVHG
WKH UHVXOWLQJ YDULDEOHV WR FRQVWUXFW SUHGLFWLYH PRGHOV ILWWHG WR WUDLQLQJ VHWV RI SDWLHQWV DQG FRPSDUHG WKHP ZLWK FRPPRQ
V\PSWRPFRXQWLQJDOJRULWKPV
5HVXOWV :HKDGDPHDQGD\VRIWHOHPRQLWRULQJGDWDIURPSDWLHQWV7KHWZRPRVWSUDFWLFDOWUDGLWLRQDOVFRUHFRXQWLQJ
DOJRULWKPVUHVWULFWHGWRFDVHVZLWKFRPSOHWHGDWDUHVXOWHGLQDUHDXQGHUWKHUHFHLYHURSHUDWLQJFKDUDFWHULVWLFFXUYH$8&HVWLPDWHV
RI&,DQG&,IRUSUHGLFWLQJDGPLVVLRQVEDVHGRQDVLQJOHGD\¶VUHDGLQJV+RZHYHU
LQDUHDOZRUOGVFHQDULRDOORZLQJIRUPLVVLQJGDWDZLWKJUHDWHUQXPEHUVRISDWLHQWGDLO\GDWDDQGKRVSLWDOL]DWLRQV1 
1 UHVSHFWLYHO\WKHSHUIRUPDQFHRIDOOWKHWUDGLWLRQDODOJRULWKPVIHOOLQFOXGLQJWKRVHEDVHGRQGD\V¶GDWD2QHRIWKH
PRVWIUHTXHQWO\XVHGDOJRULWKPVSHUIRUPHGQREHWWHUWKDQFKDQFH$OOFRQVLGHUHGPDFKLQHOHDUQLQJPRGHOVGHPRQVWUDWHGVLJQLILFDQW
LPSURYHPHQWVWKHEHVWPDFKLQHOHDUQLQJDOJRULWKPEDVHGRQHSLVRGHVUHVXOWHGLQDQDJJUHJDWHG$8&RI&,
$GGLQJZHDWKHUGDWDPHDVXUHPHQWVGLGQRWLPSURYHWKHSUHGLFWLYHSHUIRUPDQFHRIWKHEHVWPRGHO$8&
&,  7R DFKLHYH DQ  WUXHSRVLWLYH UDWH VHQVLWLYLW\ WKH WUDGLWLRQDO DOJRULWKPV ZHUH DVVRFLDWHG ZLWK DQ 
IDOVHSRVLWLYHUDWHRXUDOJRULWKPKDOYHGWKLVUDWHWRDSSUR[LPDWHO\VSHFLILFLW\DSSUR[LPDWHO\7KHPDFKLQHOHDUQLQJ
-0HG,QWHUQHW5HV_YRO_LVV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&,DWSUHGLFWLQJWKHQHHGIRUFRUWLFRVWHURLGV
&RQFOXVLRQV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Introduction
%DFNJURXQG
([DFHUEDWLRQVRIFKURQLFREVWUXFWLYHSXOPRQDU\GLVHDVH&23'
DUHDPDMRUFDXVHRIDFXWHKRVSLWDOL]DWLRQV3URPSWLQWHUYHQWLRQ
ZLWKDQWLELRWLFVDQGFRUWLFRVWHURLGVPD\SUHYHQWDGPLVVLRQVDQG
LPSURYHTXDOLW\RIOLIH>@EXWGLIILFXOWLHVLQUHFRJQL]LQJHDUO\
V\PSWRPVRIGHWHULRUDWLRQ>@RIWHQUHVXOWLQGHOD\VLQDFFHVVLQJ
FDUH>@DQGVWDUWLQJWUHDWPHQW7HOHPRQLWRULQJRIV\PSWRPV
DQGSK\VLRORJLFDOPHDVXUHPHQWVKDVEHHQDGYRFDWHGWRIDFLOLWDWH
HDUO\LGHQWLILFDWLRQDQGWUHDWPHQWRIH[DFHUEDWLRQV+RZHYHU
GHVSLWHSDWLHQWV¶SHUFHSWLRQV>@WKHHYLGHQFHIURPUDQGRPL]HG
FRQWUROOHGWULDOVWKDWWHOHKHDOWKSUHYHQWVDGPLVVLRQVLVOHVVWKDQ
FRQYLQFLQJ>@2QHUHDVRQIRUWKLVLVWKDWIDUIURPFODULI\LQJ
WKH HDUO\ GHWHFWLRQ RI H[DFHUEDWLRQV SUHYLRXVO\ HPSOR\HG
DOJRULWKPV W\SLFDOO\ EDVHG RQ LQWHUQDWLRQDO GHILQLWLRQV RI
H[DFHUEDWLRQV >@ JHQHUDWH IUHTXHQW FOLQLFDOO\XQQHFHVVDU\
DOHUWV>@
1HZV\PSWRPEDVHGDOJRULWKPVKDYHEHHQGHVLJQHGWRLPSURYH
LGHQWLILFDWLRQ DQG DVVHVVPHQW RI HVWDEOLVKHG H[DFHUEDWLRQV
>@ 7KHUH LV VRPH HYLGHQFH WKDW D FRPSRVLWH PHDVXUH
FRPELQLQJR[\JHQVDWXUDWLRQDQGKHDUWUDWHZLWKV\PSWRPVPD\
SUHGLFW GHWHULRUDWLRQV UHTXLULQJ WUHDWPHQW ZLWK DQWLELRWLFV RU
FRUWLFRVWHURLGV>@DOWKRXJKWKHVHSK\VLRORJLFDOPHDVXUHVKDYH
PDUNHGGD\WRGD\YDULDWLRQZKLFKPD\REVFXUHVXEWOHFKDQJHV
GXH WR HDUO\ H[DFHUEDWLRQV LQ LQGLYLGXDO SDWLHQWV >@ 7KH
RSWLPDODOJRULWKPLVWKXVQRW\HWFOHDU
5HFHQWO\ WKHUH KDYH EHHQ PDMRU DGYDQFHV LQ GHYHORSLQJ
FRPSXWDWLRQDO DQG VWDWLVWLFDO PHWKRGV IRU DQDO\]LQJ QRLV\
LQFRPSOHWH GDWD EURDGO\ GHVFULEHG DV PDFKLQH OHDUQLQJ DQG
GDWD PLQLQJ >@ :KHQ DSSOLHG WR SUHGLFWLYH PRGHOOLQJ
VXFKPHWKRGVFDQGHWHUPLQHSDWWHUQVRIULVNIDFWRUVXVHIXOIRU
LPSURYLQJ WKH TXDOLW\ RI SUHGLFWLRQV 7KLV LV LQ FRQWUDVW WR
FRQYHQWLRQDODOJRULWKPVZKLFKW\SLFDOO\XVHDVPDOOQXPEHU
RIHVWDEOLVKHGULVNIDFWRUV+RZHYHUWKHVHWHFKQLTXHVDUHQRW
\HW LQ XVH IRU SUHGLFWLQJ KRVSLWDO DGPLVVLRQV IRU &23' LQ
SDWLHQWVXQGHUJRLQJWHOHPRQLWRULQJ
2EMHFWLYH
'DWDIURPWKH7HOHVFRW&23'WHOHPRQLWRULQJSURJUDP>@
LQFOXGHG GDLO\ V\PSWRP DQG SK\VLRORJLFDO PHDVXUHV ZKLFK
FRXOGEHOLQNHGZLWKKHDOWKFDUHXVHFRQVXOWDWLRQVSUHVFULSWLRQ
RIPHGLFDWLRQDQGKRVSLWDODGPLVVLRQEDVHOLQHGDWDRQDJH
VHYHULW\ RI &23' FRPRUELGLW\ DQG DQ[LHW\ DQG GHSUHVVLRQ
VFRUHVDQGFRQWH[WXDOGDWDVXFKDVZHDWKHUFRQGLWLRQVIURP
WKH 0HW 2IILFH WKH 8QLWHG .LQJGRP >8.@ PHWHRURORJLFDO
VHUYLFH >@ 8VLQJ PDFKLQH OHDUQLQJ DQG KLJKGLPHQVLRQDO
GDWD PLQLQJ ZH DLPHG WR XVH WKLV ODUJH GDWDVHW WR LGHQWLI\
SDWWHUQVSUHGLFWLYHRIKRVSLWDODGPLVVLRQVRUGHFLVLRQVWRVWDUW
FRUWLFRVWHURLGV
Methods
7KH 7HOHVFRW &23' WULDO ,65&71  >@ ZDV
XQGHUWDNHQLQSUHFHGHGE\DSLORWVWXG\>@LQ
LQ /RWKLDQ 6FRWODQG (WKLFDO DSSURYDO ZDV JUDQWHG E\ WKH
/RWKLDQ UHVHDUFK HWKLFV FRPPLWWHH UHIHUHQFH 6
ZLWK8.1DWLRQDO+HDOWK6HUYLFH1+6PDQDJHPHQWDSSURYDO
IURP1+6/RWKLDQ6FRWODQG
'DWDVHWVDQG+DQGOLQJ
7KH WHOHPRQLWRULQJ GDWDEDVH RI GD\WRGD\ V\PSWRPV DQG
SK\VLRORJLFDOPHDVXUHVIURPWKH7HOHVFRW&23'WULDO>@DQG
SLORWVWXG\>@ZDVKHOGE\WKH1+67KHVHZHUHOLQNHGLQWKH
/RWKLDQVDIHKDYHQZLWKWULDOGDWDKHOGE\WKHUHVHDUFKWHDPDQG
KRVSLWDO DGPLVVLRQ GDWD 'DWDVHWV ZHUH GHLGHQWLILHG EHIRUH
DQDO\VLV
7KH7HOHPRQLWRULQJ'DWDVHW
7KH7HOHVFRW&23'SURJUDP>@LQFOXGHGSDWLHQWVZKR
KDGPRGHUDWHWRVHYHUH&23'IRUFHGH[SLUDWRU\YROXPHLQWKH
ILUVWVHFRQGRIH[SLUDWLRQ>)(9@DQGIRUFHGYLWDOFDSDFLW\ERWK
DQGDWOHDVWRQHDGPLVVLRQWRKRVSLWDOLQWKHSUHYLRXV
\HDU IRUDQH[DFHUEDWLRQRI&23'7KH\ UHFRUGHGGDWDZLWK
VRPHJDSVRYHUDQDYHUDJHRIPRQWKV3DWLHQWVZHUHDVNHG
WRSURYLGHGDLO\V\PSWRPVDQGSK\VLRORJLFDOUHDGLQJVSXOVH
DQGR[\JHQVDWXUDWLRQDQGDVXEVHWRIWKHVWXG\SRSXODWLRQDOVR
SURYLGHGVSLURPHWU\GDWDRQDOHVVUHJXODUEDVLVDQGWRUHFRUG
DQWLELRWLFDQGFRUWLFRVWHURLGXVH7KHV\PSWRPVFRUHZDVEDVHG
RQ WKH SUHVHQFH RI PDMRU V\PSWRPV VFRUHG  RU PLQRU
V\PSWRPVVFRUHGEDVHGRQWKHZRUNRI$QWKRQLVHQHWDO>@
DQG RWKHUV >@ VHH 7H[WER[  'DWD ZHUH FKHFNHG
GDLO\E\DUHVSLUDWRU\SURIHVVLRQDORUWUDLQHGWHOHKHDOWKPRQLWRU
DQGSDWLHQWVZHUHFRQWDFWHGLIWKHLUV\PSWRPVFRUHURVHDERYH
$FFHSWDEOHUDQJHVIRUSXOVHUDWHDQGR[\JHQVDWXUDWLRQZHUH
VHW LQGLYLGXDOO\ DQG SDWLHQWV ZHUH FRQWDFWHG LI UHDGLQJV IHOO
EH\RQGWKHVHUDQJHV
-0HG,QWHUQHW5HV_YRO_LVV_H_SKWWSZZZMPLURUJ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7H[WER['HILQLWLRQVRIFKURQLFREVWUXFWLYHSXOPRQDU\GLVHDVHH[DFHUEDWLRQRQVHWVRQGD\WXVHGDVSUHGLFWRUVRIKRVSLWDODGPLVVLRQVRQGD\W
1RWHWKDWWKHODVWGHILQLWLRQVFDQQRWEHXVHGIRUWKLVHYDOXDWLRQXQOHVVDQHDUO\GHWHFWLRQFDQEHPDGHDVWKH\GHWHFWDQRQVHWRIDQH[DFHUEDWLRQZLWK
DGD\GHOD\)RUWKHVHGHILQLWLRQVZHUHSRUWDQDSSUR[LPDWHXSSHUERXQGRQWKHSUHGLFWLYHSHUIRUPDQFHXQGHUWKHDVVXPSWLRQWKDWWKHH[DFHUEDWLRQV
FDQEHGHWHFWHG
 0DMRUV\PSWRPV
D %UHDWKOHVVQHVVVSXWXPFRORUDQGVSXWXPDPRXQW
 0LQRUV\PSWRPV
D &ROGZKHH]HVRUHWKURDWFRXJKDQGIHYHU
 6\PSWRPFRXQWV
D Q0DMRU QXPEHURIPDMRUV\PSWRPVSUHVHQWRQGD\W
E Q0LQRU QXPEHURIPLQRUV\PSWRPVSUHVHQWRQGD\W
F Q$OO Q0DMRUQ0LQRU
 'HILQLWLRQV
D 'HILQLWLRQDIWHU$QWKRQLVHQHWDO>@Q0DMRU
E 'HILQLWLRQPRGLILFDWLRQRI5RGULJXH]5RLVLQ>@Q$OO
F 'HILQLWLRQPRGLILFDWLRQRI([DFHUEDWLRQDVLQ6HHPXQJDOHWDO@GHILQHD
EDGGD\
DVRQHZKHUHQ0DMRURU>Q0DMRU @DQG
>Q0LQRU@$QH[DFHUEDWLRQLVVDLGWRRFFXURQGD\W LIGD\VW DQGW DUHEDGEXWGD\VW ±DQGW ±DUHQRWEDG
G 'HILQLWLRQPRGLILFDWLRQRI6HHPXQJDOHWDO@DVLQ%XUWRQHWDO/LNH'HILQLWLRQEXWDEDGGD\LVGHILQHGDVRQHZKHUHQ0DMRU
DQGQ$OO
H 'HILQLWLRQDIWHU3LQQRFNHWDO$QH[DFHUEDWLRQLVVDLGWRRFFXURQGD\W LI
L Q$OORQGD\WRU
LL Q$OO RQGD\W DQGQ$OORQGD\W 
7ULDO'DWD
%DVHOLQHWULDOGDWDRQGHPRJUDSKLFFKDUDFWHULVWLFVERG\PDVV
LQGH[VSLURPHWU\0HGLFDO5HVHDUFK&RXQFLO'\VSQRHD6FDOH
>@+RVSLWDO$Q[LHW\DQG'HSUHVVLRQ6FDOH>@6W*HRUJH¶V
5HVSLUDWRU\4XHVWLRQQDLUH>@SUHYLRXVKRVSLWDODGPLVVLRQV
DQGFRPRUELGLW\ZHUHDOVRDYDLODEOH$WWKHHQGRIWKHWULDOZH
VHDUFKHGKRVSLWDOUHFRUGVIRUDGPLVVLRQVGXULQJWKHWULDODQG
FOLQLFLDQVGHWHUPLQHGZKHWKHUWKHDGPLVVLRQZDVGXHWR&23'
SDUWO\GXHWR&23'RUXQUHODWHGWR&23'
0HW2IILFH+HDOWK)RUHFDVWLQJ'DWD
7KH8.0HW2IILFH+HDOWK\2XWORRNVHUYLFHXVHVDUXOHEDVHG
PRGHOFRPELQLQJREVHUYHGDQGIRUHFDVWSDUDPHWHUVLQFOXGLQJ
VHDVRQ KXPLGLW\ WHPSHUDWXUH DLU TXDOLW\ DQG UDWHV RI
LQIOXHQ]DOLNHLOOQHVVWRLVVXHIRUHFDVWV7KHVHKDYHEHHQVKRZQ
WRSURYLGHDGD\ZDUQLQJRISHULRGVRIKLJKHUULVNRI&23'
H[DFHUEDWLRQVDWDSRSXODWLRQOHYHO>@EXWLWLVXQFOHDUZKHWKHU
WKLVLVSUHGLFWLYHDWDQLQGLYLGXDOOHYHO:HK\SRWKHVL]HGWKDW
LQFOXGLQJ 0HW 2IILFH GDWD DORQJ ZLWK WHOHPRQLWRULQJ DQG
EDVHOLQH GDWD ZRXOG LPSURYH WKH DOJRULWKP¶V SUHGLFWLRQ :H
WKHUHIRUH FRPELQHG WKH WHOHPRQLWRULQJ GDWDVHW ZLWK WKH 0HW
2IILFH&23'KHDOWKIRUHFDVWLQJGDWDVHW7KLVFRQVLVWHGRIWKH
RXWSXWV RI WKH 0HW 2IILFH¶V +HDOWK\ 2XWORRN &23' DOHUW
DOJRULWKP>@PD[LPXPDQGPHDQWHPSHUDWXUHVLQWKHODVW
KRXUVDQGELQDU\WHPSHUDWXUHLQGLFDWRUVPHDQWHPSHUDWXUH
&PD[LPXPWHPSHUDWXUH&DQGPD[LPXPWHPSHUDWXUH
&
&KRLFHRI2XWFRPHV
:H JDYH SDWLHQWV WDNLQJ SDUW LQ WKH VWXG\ DQ LQGLYLGXDOL]HG
DFWLRQSODQZKLFKW\SLFDOO\DGYLVHGVWDUWLQJDQWLELRWLFVLIWKHLU
V\PSWRP VFRUH H[FHHGHG  VR DQWLELRWLF FRXUVHV ZHUH YHU\
IUHTXHQWHYHQWV$VDSUR[\IRUPRUHVHULRXVH[DFHUEDWLRQVZH
WHVWHG WKH SUHGLFWLRQ RI WZR PDLQ RXWFRPHV DGPLVVLRQ WR
KRVSLWDOIRU&23'DQGLQLWLDWLRQRIRUDOFRUWLFRVWHURLGWUHDWPHQW
3UHSURFHVVLQJ
:H GHILQHG SDWLHQW HSLVRGHV DV VOLGLQJ ZLQGRZV RI
SDWLHQWJHQHUDWHGGDWDIRUDIL[HGQXPEHURIFRQVHFXWLYHGD\V
XS WR WKH FXUUHQW GD\ LQSXWV OLQNHG WR WKH DGPLVVLRQ RU
FRUWLFRVWHURLGRXWFRPHRQWKHIROORZLQJGD\RXWSXW
:H FRQVLGHUHG WKH VLPSOH VFRUHFRXQWLQJ DOJRULWKP LQ WKH
FRPSOHWHGDWD VHWWLQJZKHUHZH XVHG RQO\ HSLVRGHVZLWKRXW
DQ\PLVVLQJV\PSWRPYDULDEOHVWRFRPSXWHULVNVFRUHVIRU
RU GD\ ZLQGRZV $GGLWLRQDOO\ ZH HYDOXDWHG WKH
VFRUHFRXQWLQJDOJRULWKPVDQGWKHPDFKLQHOHDUQLQJPRGHOVLQ
WKHLPSXWDWLRQVHWWLQJXVLQJLGHQWLFDOSDWLHQWHSLVRGHVZKHUH
ZH LPSXWHG HDFK PLVVLQJ YDULDEOH E\ FRS\LQJ WKH ODVW
REVHUYDWLRQRIWKDWYDULDEOHIRUWKDWSDWLHQWIRUXSWRGD\V
:HH[FOXGHGHSLVRGHVZKHUHWKHRXWFRPHYDULDEOHZDVPLVVLQJ
DQGSDWLHQWHSLVRGHVZKHUHZHFRXOGQRWLPSXWHWKHREVHUYDWLRQV
GXH WR ORQJ ZLQGRZV RI QR SURYLGHG GDWD :KHUH ZH XVHG
LPSXWDWLRQIRUHDFKYDULDEOHLQWKHSDWLHQWHSLVRGHZHGHILQHG
DQDX[LOLDU\LQGLFDWRUWRHQFRGHZKHWKHUWKHLQSXWYDULDEOHZDV
LPSXWHGRUSURYLGHGE\SDWLHQWZHXVHGWKHVHDX[LOLDU\YDULDEOHV
DVDGGLWLRQDOLQSXWVLQWRWKHPDFKLQHOHDUQLQJPRGHOV1RWHWKDW
WKHVDPSOHVL]HDQGWKHQXPEHURIDGPLVVLRQVIRUWKHLPSXWDWLRQ
VHWWLQJZHUHKLJKHUWKDQWKRVHIRUWKHFRPSOHWHGDWDVHWWLQJ)RU
-0HG,QWHUQHW5HV_YRO_LVV_H_SKWWSZZZMPLURUJH
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H[DPSOH LIVRPHPHDVXUHPHQWVZHUHQRW UHSRUWHGSULRU WRD
KRVSLWDO DGPLVVLRQ WKHQ ZH H[FOXGHG WKH HSLVRGH IURP WKH
FRPSOHWHGDWDDQDO\VLVEXWZHFRXOGUHWDLQLW LQWKHLPSXWHG
VHWWLQJZKHQWKHUHSRUWHGYDULDEOHVZHUHH[DFWDQGWKHPLVVLQJ
YDULDEOHVZHUHLPSXWHG
'DWD$QDO\VLV
:HLGHQWLILHGDODUJHQXPEHURISRWHQWLDOO\SUHGLFWLYHIHDWXUHV
E\XVLQJHVWDEOLVKHGGDWDPLQLQJWHFKQLTXHVVHHEHORZDQG
WHVWHG WKHP LQ FRPELQDWLRQV XVLQJ QHVWHG FURVVYDOLGDWLRQ
SURFHGXUHVZKHUHZHVHOHFWHGDQGH[WUDFWHGWKHIHDWXUHE\XVLQJ
RQO\ WKH LQQHU WUDLQLQJ IROGV RI GDWD %HFDXVH GDWD ZHUH
LQFRPSOHWHZHFRQGXFWHGVHSDUDWHDQDO\VHVOLPLWHGWRWLPH
SHULRGVZLWKQRPLVVLQJGDWDDQGIURPDOOWLPHSHULRGVZLWK
LPSXWDWLRQRIPLVVLQJGDWD
,GHQWLILFDWLRQRI1RYHO)HDWXUHV
)RUHDFKSDWLHQWZHFRQVWUXFWHGXSWRSUHGLFWLYHSDWWHUQV
IHDWXUHV IURP V\PSWRP PHGLFDWLRQ DQG SK\VLRORJLFDO
PHDVXUHPHQWVE\XVLQJIHDWXUHH[WUDFWLRQWHFKQLTXHVIRUWLPH
VHULHV>@K\SRWKHVL]HGWREHSUHGLFWLYHRIWKHIXWXUHHYHQWV
>@ VHH 0XOWLPHGLD $SSHQGL[  7KH H[DFW QXPEHU YDULHG
EHWZHHQWKHFRPSOHWHDQGLPSXWHGVHWWLQJVDQGGHSHQGHGRQ
ZKLFK W\SHV RI YDULDEOHV WHOHPRQLWRULQJ ZHDWKHU DQG WKHLU
FRPELQDWLRQV ZH XVHG DV LQSXWV :H LPSXWHG YDULDEOHV
PHDVXUHG DW EDVHOLQH E\ XVLQJ SRSXODWLRQ PHGLDQV IRU WKH
FRQWLQXRXVYDULDEOHVRUSRSXODWLRQPRGHVIRU WKHFDWHJRULFDO
YDULDEOHVDQGZHDVVXPHGWKHYDULDEOHVWREHIL[HGVWDWLRQDU\
WKURXJKRXW WKH VWXG\ :H XVHG WKH UHVXOWLQJ YDULDEOHV WR
FRQVWUXFWSUHGLFWLYHPRGHOVILWWHGWRWKHWUDLQLQJVHWVRISDWLHQWV
:HXVHGRQO\WKHSDVWDQGQRWWKHIXWXUHYDULDEOHVIRULPSXWLQJ
WKHPLVVLQJYDULDEOHVRUFRQVWUXFWLQJ WKH WLPHVHULHVIHDWXUHV
IRUHDFKSDWLHQWHSLVRGH7KHUHVXOWLQJYDULDEOHVZHUHFRPELQHG
WROHDUQDGGLWLRQDOIHDWXUHVLQWKHKLGGHQOD\HUVQHXUDOQHWV
XVHG IRU FRPSXWLQJ IHDWXUHVSDFH VLPLODULW\ IXQFWLRQV
QRQSDUDPHWULFPHWKRGVRUFRPELQHGZLWKIHDWXUHVHOHFWLRQ
E\ ILOWHULQJ >@ WR VHW SULRUV RQ K\SHUSDUDPHWHUV DGDSWLYH
UHJXODUL]HGFODVVLILHUVGXULQJWUDLQLQJ:KHQZHXVHGWKHRXWSXW
YDULDEOHVGLUHFWO\RULQGLUHFWO\WRVHOHFWRUH[WUDFWWKHIHDWXUHV
GXULQJWUDLQLQJZHHQVXUHGWKDWWKHSURFHGXUHZDVQHVWHGZLWKLQ
WKH WUDLQLQJ IROGV VR WKDW WKH GDWD XVHG IRU WKH HYDOXDWLRQV
UHPDLQHGXQVHHQ
6WDQGDUG([DFHUEDWLRQ0RGHOV
:HFRQVLGHUHG VHYHUDOGHILQLWLRQVRI H[DFHUEDWLRQVEDVHGRQ
WKHFULWHULDRI$QWKRQLVHQHWDO>@DQGFOLQLFDOJXLGHOLQHV>@
DQGXVHGLQVWXGLHVRQ&23'H[DFHUEDWLRQV>@0DMRU
V\PSWRPV ZHUH FKDQJHV LQ SDWLHQWV¶ VHOIUHSRUWHG
EUHDWKOHVVQHVVVSXWXPFRORUDQGVSXWXPDPRXQWDQGPLQRU
V\PSWRPVZHUH FROG ZKHH]H VRUH WKURDW FRXJK DQG IHYHU
8VLQJGHILQLWLRQVIURPWKHOLWHUDWXUHZHFRQVLGHUHGGHILQLWLRQV
RI H[DFHUEDWLRQ 7H[WER[  :H HYDOXDWHG WKH RQVHWV RI
H[DFHUEDWLRQVRQDJLYHQGD\WDVSUHGLFWRUVRIDGPLVVLRQVWKH
IROORZLQJGD\W 1RWHWKDWIURPWKHFRQVLGHUHGGHILQLWLRQV
RQO\GHILQLWLRQVDQGFRXOGEHXVHGIRUWKLVW\SHRIHYDOXDWLRQ
)RUH[DPSOHGHILQLWLRQLVGHILQHGDVWKHSUHVHQFHRIDWOHDVW
WZRFRQVHFXWLYHGD\VRIPDMRUV\PSWRPVRURQHPDMRUDQGDW
OHDVWRQHPLQRUV\PSWRPZLWKWKHH[DFHUEDWLRQRQVHWWDNHQWR
EH WKH ILUVWGD\ZKHQ WKH V\PSWRPFULWHULDDUHPHW >@
ZKHUHDVGHILQLWLRQLVLWVVOLJKWPRGLILFDWLRQ>@7KXVIRU
GHILQLWLRQVWRE\XVLQJWKHH[DFHUEDWLRQLQGLFDWRURQGD\W
DVDPDUNHURIDQDGPLVVLRQRQGD\W ZHHYDOXDWHGDQXSSHU
ERXQGRQWKHSUHGLFWLYHSHUIRUPDQFHXQGHUWKHDVVXPSWLRQWKDW
WKHVH H[DFHUEDWLRQV FDQ EH GHWHFWHG HDUO\ HJ E\ PDNLQJ
DFFXUDWHSUHGLFWLRQVRIWKHIXWXUHV\PSWRPV
1RYHO3UHGLFWLYH0RGHOLQJ
:H DVVHVVHGKRZ ZHOOZH FRXOG SUHGLFW KRVSLWDO DGPLVVLRQV
DQG GHFLVLRQV WR VWDUW FRUWLFRVWHURLG WUHDWPHQW LQ SDWLHQWV
XQGHUJRLQJ WHOHPRQLWRULQJ XVLQJ WKH H[WUDFWHG IHDWXUHV :H
FRQVLGHUHGVHYHUDOW\SHVRIPRGHOV1RQSDUDPHWULFSUHGLFWLYH
PHWKRGVVXFKDVVSDUVHPD[LPXPPDUJLQFODVVLILHUV>@
WKHVHDSSURDFKHVDOORZIRUFRPSOH[PDSSLQJVIURPFRYDULDWHV
WR WDUJHW RXWFRPHV WR REWDLQ KLJKTXDOLW\ ³EODFNER[´
SUHGLFWLRQV5HJXODUL]HGFODVVLILHUVEDVHGRQWKHDGDSWLYH
H[WHQVLRQVRIHODVWLFQHWV>@LQORZGLPHQVLRQVWKHVHPHWKRGV
KDYHWKHDGYDQWDJHRIJHQHUDWLQJLQWHOOLJLEOHSUHGLFWLRQVEXW
WKH\PD\VRPHWLPHVUHVXOWLQORZHUSUHGLFWLYHSHUIRUPDQFHWKDQ
QRQSDUDPHWULFPHWKRGVRUHQVHPEOHVGXHWRULJLGFRQVWUDLQWV
RQ WKH PDSSLQJV EHWZHHQ FRYDULDWHV DQG RXWFRPHV 
(QVHPEOHVRIERRVWHGFODVVLILHUV>@WKDWZHH[SHFWHGWREH
ZHOOVXLWHGIRUGHDOLQJZLWKKLJKO\LPEDODQFHGGDWDVHWVVXFKDV
RXUVZKHUHWKHQXPEHURIHSLVRGHVFRUUHVSRQGLQJWR&23'
DGPLVVLRQV ZDV VHYHUDO RUGHUV RI PDJQLWXGH ORZHU WKDQ WKH
QXPEHURIHSLVRGHVZLWKRXWDGPLVVLRQV/RQJVKRUWWHUP
PHPRU\PXOWLWDVNQHXUDOQHWZRUNPRGHOVWKHVHPHWKRGVDUH
VWDWHRIWKHDUWIRUVSHHFKUHFRJQLWLRQZKHUHYHU\ODUJHGDWDVHWV
DUHDYDLODEOH>@+RZHYHUZHIRXQGWKHLUSHUIRUPDQFHWREH
RQO\DOLWWOHEHWWHUWKDQWKDWRIWKHRWKHUPRGHOVIRURXUVPDOOHU
LQFRPSOHWH LPEDODQFHGGDWDVHW :H FRQVLGHUHG WKHVH PRGHOV
XVLQJ WKH SUHSURFHVVLQJ VWUDWHJ\ GLVFXVVHG DERYH DQG XVLQJ
WUDLQLQJE\DYDULDQWRIEDFNSURSDJDWLRQIRUUHFXUUHQWQHWZRUNV
:HUHSHDWHGWKHSURFHGXUHE\FRQVLGHULQJIHDWXUHVRFFXUULQJ
KRXUVSULRUWRKRVSLWDOL]DWLRQRUHDUOLHUDQGKRXUV
SULRUWRWKHGHFLVLRQWRVWDUWFRUWLFRVWHURLGVRUHDUOLHU:HILWWHG
PRGHOVDQGE\UHJUHVVLQJWKHRXWFRPHVRQWHOHPRQLWRULQJ
RQO\ SK\VLRORJLFDO PHGLFDWLRQ DQG V\PSWRP YDULDEOHV
ZHDWKHUYDULDEOHVRQO\DQGWHOHPRQLWRULQJDQGZHDWKHUYDULDEOHV
MRLQWO\:HXVHGWKHPRUHFRPSXWDWLRQDOO\H[SHQVLYHPRGHOV
 DQG IRU UHJUHVVLQJ WKHRXWFRPHVRQ WKH WHOHPRQLWRULQJ
YDULDEOHVLQWKHLPSXWHGVFHQDULR+\SHUSDUDPHWHUVZHUHOHDUQHG
E\WKHJULGVHDUFKPRGHOVDQGRUE\UDQGRPVHDUFKPRGHOV
 DQG  RYHU LQQHU IROGV LQ WKH QHVWHG FURVVYDOLGDWLRQ
SURFHGXUH
:HFRPSDUHGWKHVHPHWKRGVZLWKWKHFRQYHQWLRQDODOJRULWKPV
XVLQJPXOWLSOHGHILQLWLRQVRIH[DFHUEDWLRQVIURP7H[WER[ DV
SUHGLFWRUVRIWKHIXWXUHFOLQLFDODGPLVVLRQVDQGFRUWLFRVWHURLG
WKHUDS\
9DOLGDWLRQRI1RYHO3UHGLFWLYH0RGHOV
7RWHVWWKLVUDQJHRIPRGHOVZHXVHGNIROGFURVVYDOLGDWLRQ
LQZKLFKZHVSOLWWKHGDWDLQWRN GLVMRLQWVXEVHWV³IROGV´RI
HTXDO VL]H DQG ILWWHG WKH PRGHOV UHSHDWHGO\ WR N ± WUDLQLQJ
IROGVHYDOXDWLQJWKHPRQWKHUHPDLQLQJWHVWIROG7KHSURFHGXUH
ZDVUHSHDWHGN WLPHVDQGWKHRYHUDOOSHUIRUPDQFHZDVHYDOXDWHG
E\DJJUHJDWLQJWKHUHVXOWVDFURVVWKHWHVWIROGV'XULQJWKHQHVWHG
FURVVYDOLGDWLRQZHSHUIRUPHGWKHFURVVYDOLGDWLRQSURFHGXUH
-0HG,QWHUQHW5HV_YRO_LVV_H_SKWWSZZZMPLURUJ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IRUHDFKFKRLFHRIWHVWGDWDLQDQHVWHGORRSZKHUHZHXVHGWKH
LQQHUWUDLQLQJIROGVIRUIHDWXUHH[WUDFWLRQDQGVHOHFWLRQDQGIRU
HVWLPDWLQJPRGHOSDUDPHWHUVZHXVHGWKHLQQHUYDOLGDWLRQIROGV
IRUHVWLPDWLQJK\SHUSDUDPHWHUVVXFKDVWKHGHJUHHRIPRGHO
FRPSOH[LW\ DQG ZH XVHG WKH RXWHU WHVW IROGV SXUHO\ IRU WKH
SHUIRUPDQFHHYDOXDWLRQ,QRXULPSOHPHQWDWLRQRIWKHSURFHGXUH
ZHHQVXUHGWKDWWKHWHVWRXWHUIROGVZHUHPDGHXSRILQGLYLGXDOV
ZKRGLGQRWDSSHDULQWKHWUDLQLQJVHWVRUWKHLQQHUIROGVLHZH
XVHGQRSDWLHQWHSLVRGHVIRULQGLYLGXDOVIURPWHVWGDWDVHWVDV
DQ\SDUWRIWKHWUDLQLQJGDWD7KXVZHXVHGWKHRXWHUWHVWVHWV
RISDWLHQWVSXUHO\IRUHYDOXDWLRQVDQGQRWIRUYDULDEOHVHOHFWLRQ
SDUDPHWHUOHDUQLQJRUK\SHUSDUDPHWHUOHDUQLQJ:HHYDOXDWHG
WKHSUHGLFWLYHSHUIRUPDQFHH[SUHVVHG DV WKH DJJUHJDWHGDUHD
XQGHU WKH UHFHLYHU RSHUDWLQJ FKDUDFWHULVWLF FXUYH $8& D
FDOLEUDWLRQLQYDULDQW PHDVXUH RI SUHGLFWLYH SHUIRUPDQFH RI
ELQDU\FODVVLILHUV7KHDJJUHJDWLRQZDVDFKLHYHGE\PHUJLQJ
WKHSUHGLFWLRQVRI WKHFODVVLILHUVDFURVV WKH WHVW IROGVDQGE\
DYHUDJLQJ WKH PHUJHG $8& DFURVV PXOWLSOH UHSHWLWLRQV RI
FURVVYDOLGDWLRQZLWKWKHUDQGRPIROGSDUWLWLRQV
([SHULPHQWDO&RPSDULVRQ
:HH[FOXGHGLQGLYLGXDOVZLWKPRUHWKDQPLVVLQJGDWD
DQGDQDO\]HGGDWDIRULQGLYLGXDOVZKRSURYLGHGV\PSWRPV
DQGSK\VLRORJLFDOPHDVXUHPHQWVUHJXODUO\:HFKRVHWKHRXWHU
IROGV WR KDYH DSSUR[LPDWHO\ WKH VDPH QXPEHU RI SDWLHQW
HSLVRGHVDOWKRXJKDQHTXDOVSOLWWLQJFRXOGQRWEHJXDUDQWHHG
DVSDWLHQWVKDGXQHTXDOQXPEHUVRIWKHUHSRUWHGPHDVXUHPHQWV
:H XVHG  LQQHU DQG  RXWHU IROGV RI WKH QHVWHG
FURVVYDOLGDWLRQSURFHGXUHIRUDOOEXWWKHPRVWFRPSXWDWLRQDOO\
H[SHQVLYHPRGHOV7RHYDOXDWHWKHYDULDWLRQLQWKHSHUIRUPDQFH
ZHXVHGUXQVRIWKHQHVWHGFURVVYDOLGDWLRQZLWKGLIIHUHQW
WUDLQLQJRUWHVWIROGSDUWLWLRQV
:H HYDOXDWHG VLPSOH VFRUHFRXQWLQJ DOJRULWKPV WKDW GLG QRW
QHHGORQJVHULHVRISDVWV\PSWRPVWRJHQHUDWHSUHGLFWLRQVERWK
LQ WKH FRPSOHWH DQG LQ WKH LPSXWDWLRQ VFHQDULRV :H XVHG
PDFKLQH OHDUQLQJ PRGHOV WKDW QHHGHG ORQJHU VHTXHQFHV RI
SDUWLDOO\PLVVLQJSDVWREVHUYDWLRQVLQWKHLPSXWDWLRQVFHQDULR
,QWKDWVFHQDULRZHH[FOXGHGDOOSDWLHQWHSLVRGHVWKDWZHFRXOG
QRW LPSXWHDFFRUGLQJWR WKHFRQVLGHUHGSURFHGXUHGXHWR WRR
PXFK GDWD EHLQJ PLVVLQJ )RU D IDLU FRPSDULVRQ RI PXOWLSOH
PRGHOV ZH HQVXUHG WKH FRQVLVWHQF\ RI WKH LPSXWDWLRQV DQG
SDWLHQWHSLVRGHVDFURVVWKHIROGV
Results
3UHGLFWLQJ+RVSLWDO$GPLVVLRQVRI,QGLYLGXDOV
,Q WKH FRPSOHWHGDWD VFHQDULR ZH HYDOXDWHG KRZ ZHOO WKH
WUDGLWLRQDOGHILQLWLRQVRIH[DFHUEDWLRQRQVHWRQRQHGD\SUHGLFWHG
KRXU KRVSLWDO DGPLVVLRQV WKH IROORZLQJ GD\ XVLQJ WKH
GHILQLWLRQV IURP 7H[WER[  'HSHQGLQJ RQ WKH FKRLFH RI WKH
DOJRULWKPZHKDGEHWZHHQDQGSDWLHQWHSLVRGHV
DQGEHWZHHQ DQG KRVSLWDO DGPLVVLRQV:HREWDLQHG WKH
EHVWSUHGLFWLRQVE\XVLQJGHILQLWLRQPHDQ$8&
&,1 SDWLHQWHSLVRGHVZKHUHZHFRPSXWHG
WKH HUURU EDUV RQ WKH $8& DV WKH FRQVHQVXV HVWLPDWH RI WKH
PHWKRGVRIHPSLULFDOUHVDPSOLQJ&KHE\VKHYDQG'H/RQJDQG
FROOHDJXHV>@7DEOHKRZHYHUZHEDVHGWKLVHVWLPDWHRQ
DGDWDVHWZLWKRQO\1 DGPLVVLRQV$GGLWLRQDOO\XVLQJWKLV
GHILQLWLRQDQH[DFHUEDWLRQVWDUWLQJRQRQHGD\FRXOGRQO\EH
GHWHFWHGZKHQWKHVFRUHUHPDLQHGHOHYDWHGWKHIROORZLQJGD\
VHH 7H[WER[  PDNLQJ LW LPSUDFWLFDO IRU SUHGLFWLQJ DQ
DGPLVVLRQ RQ WKH VHFRQG GD\ 6FRUHFRXQWLQJ DOJRULWKPV
GHILQLWLRQVDQGZKHUHRQVHWVRIH[DFHUEDWLRQVDUHFRPSXWHG
RQDVLQJOHGD\UHVXOWHGLQWKH$8&HVWLPDWHVRI
&,DQG&,UHVSHFWLYHO\
IRU1 HSLVRGHVDQG1 DGPLVVLRQV7DEOH
:KHQHYDOXDWHGLQWKHSUDJPDWLFLPSXWHGGDWDVFHQDULRDOORZLQJ
IRU PLVVLQJ GDWD ZLWK D JUHDWHU QXPEHU RI SDWLHQW HSLVRGHV
1  DQG D JUHDWHU QXPEHU RI KRVSLWDO DGPLVVLRQV
SUHFHGHG E\ WKH V\PSWRP DQG SK\VLRORJLFDO PHDVXUHPHQWV
1  WKHSHUIRUPDQFHRIDOO WKH WUDGLWLRQDOGHILQLWLRQVRI
H[DFHUEDWLRQ GURSSHG WR QHDU UDQGRP )RU H[DPSOH IRU
GHILQLWLRQ  ZH REWDLQHG DQ $8& RI   &,
VHH7DEOH7KHPRVWOLNHO\UHDVRQIRUWKLVGURS
ZDVWKHQHHGWRUHO\RQDVLPSOHLPSXWDWLRQVWUDWHJ\GXHWRWKH
OLPLWHGDYDLODELOLW\RIGDLO\V\PSWRPGDWDRQWKHGD\VSUHFHGLQJ
KRVSLWDODGPLVVLRQV
0DFKLQH OHDUQLQJ PRGHOV GHPRQVWUDWHG VLJQLILFDQW
LPSURYHPHQWVLQWKHSUHGLFWLRQRIIXWXUHDGPLVVLRQVRYHUWKH
WUDGLWLRQDO V\PSWRPFRXQWLQJ PHWKRGV :RUNLQJ ZLWK WKH
LPSXWHGGDWDVFHQDULRWKHEHVWPDFKLQHOHDUQLQJPRGHOQHXUDO
QHWXVLQJWHOHPRQLWRULQJGDWDUHVXOWHGLQWKHDJJUHJDWHG$8&
RI   &,  HYDOXDWHG RQ WHVW GDWD IRU
1  HSLVRGHV 1  DGPLVVLRQV 7DEOH  7KH RWKHU
PDFKLQH OHDUQLQJ PRGHOV KDG VLPLODU SHUIRUPDQFH ZLWK WKH
PHDQDJJUHJDWHG$8&RIZKLFKVKRZVWKDWWKH
LPSURYHPHQWRYHUV\PSWRPVFRUHVFRXOGEHDFKLHYHGDFURVVD
UDQJHRIPRGHOVVHH0XOWLPHGLD$SSHQGL[7RDFKLHYHDQ
WUXHSRVLWLYHUDWHVHQVLWLYLW\WKHWUDGLWLRQDODOJRULWKPV
ZHUH DVVRFLDWHG ZLWK DQ  IDOVHSRVLWLYH UDWH 
VSHFLILFLW\ RXU DOJRULWKP KDOYHG WKLV UDWH WR DSSUR[LPDWHO\
VSHFLILFLW\DURXQG
$GGLQJWKHZHDWKHUGDWDWKH+HDOWK\2XWORRNFULWHULRQDQGWKH
DGGLWLRQDO ZHDWKHUUHODWHG YDULDEOHV WR WKH WHOHPRQLWRULQJ
PHDVXUHPHQWV UHVXOWHG LQ QR VLJQLILFDQW LPSURYHPHQW LQ WKH
SUHGLFWLYHSHUIRUPDQFHRIWKHEHVWPRGHOZLWKWKHDJJUHJDWHG
$8&RI&,1 1 7KLV
FDQQRWEHH[SODLQHGE\WKHZHDWKHUYDULDEOHVEHLQJFRUUHODWHG
ZLWKWKHWHOHKHDOWKYDULDEOHVDVWKHEHVWPRGHOXVLQJWKHZHDWKHU
GDWD RQO\ KDG WKH QHDUUDQGRP $8& RI   &,
1 1 
7KH EHVW PRGHO IRU DGPLVVLRQV UHILWWHG WR WKH HQWLUH GDWDVHW
IROORZLQJ WKH PRGHO VHOHFWLRQ XVHG  YDULDEOHV DQG ZDV
GLIILFXOW WRFKDUDFWHUL]H%\ OLQHDUL]LQJLWVRXWSXWVZHIRXQG
WKDWWKHIDFWRUVFRQWULEXWLQJPRVWWRWKHSUHGLFWLRQVLQFOXGHGDOO
JURXSVRIYDULDEOHVFROOHFWHGE\WHOHPRQLWRULQJWRJHWKHUZLWK
FXUUHQWVPRNLQJVWDWXVFXUUHQWV\PSWRPVFXUUHQWDQGGHOD\HG
SK\VLRORJLFDOPHDVXUHVDQGFXUUHQWDQGGHOD\HGVHOIUHSRUWHG
PHGLFDWLRQV
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_H_SKWWS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7DEOH 3UHGLFWLYHDFFXUDF\RIKRVSLWDODGPLVVLRQDQGXVHRIFRUWLFRVWHURLGVRIGLIIHUHQWGHILQLWLRQVRIH[DFHUEDWLRQ
6DPSOHV1(YHQWV1$8&D HPSLULFDO&,3UDFWLFDO'HVFULSWLRQ
3UHGLFWLRQRIKRXUDGPLVVLRQVXVLQJH[DFHUEDWLRQGHILQLWLRQVFRPSOHWH GDWD
<HV'HILQLWLRQ
<HV'HILQLWLRQ
1R'HILQLWLRQ
1R'HILQLWLRQ
1R'HILQLWLRQ
3UHGLFWLRQRIKRXUDGPLVVLRQVXVLQJH[DFHUEDWLRQGHILQLWLRQVLPSXWHG GDWD
<HV'HILQLWLRQ
<HV'HILQLWLRQ
1R'HILQLWLRQ
1R'HILQLWLRQ
1R'HILQLWLRQ
3UHGLFWLRQRIKRXUFRUWLFRVWHURLGGHFLVLRQVXVLQJH[DFHUEDWLRQGHILQLWLRQVFRPSOHWH GDWD
<HV'HILQLWLRQ
<HV'HILQLWLRQ
1R'HILQLWLRQ
1R'HILQLWLRQ
1R'HILQLWLRQ
3UHGLFWLRQRIKRXUFRUWLFRVWHURLGGHFLVLRQVXVLQJH[DFHUEDWLRQGHILQLWLRQVLPSXWHG GDWD
<HV'HILQLWLRQ
<HV'HILQLWLRQ
1R'HILQLWLRQ
1R'HILQLWLRQ
1R'HILQLWLRQ
3UHGLFWLRQRIKRXUDGPLVVLRQVXVLQJPDFKLQHOHDUQLQJPRGHOVLPSXWHG GDWD
<HV0DFKLQHOHDUQLQJPRGHO
3UHGLFWLRQRIKRXUFRUWLFRVWHURLGGHFLVLRQVXVLQJH[DFHUEDWLRQGHILQLWLRQVLPSXWHG GDWD
<HV0DFKLQHOHDUQLQJPRGHO
D$8&DUHDXQGHUWKHUHFHLYHURSHUDWLQJFKDUDFWHULVWLFFXUYH
3UHGLFWLQJ3HDNVLQ6\PSWRP6FRUHVLQ3RSXODWLRQV
7KH+HDOWK\2XWORRN>@DOJRULWKPDQGWKHZHDWKHUYDULDEOHV
GLGQRWLPSURYHWKHTXDOLW\RISUHGLFWLRQVRIKRVSLWDODGPLVVLRQV
IRULQGLYLGXDOVLQRXUGDWDVHW+RZHYHUDWWKHSRSXODWLRQOHYHO
ZH IRXQG WKDW RYHU VRPH FRQWLJXRXV WLPH SHULRGV
SUHGRPLQDQWO\GXULQJIDOODQGZLQWHUSUHGLFWLRQRIWKHZHHN
SRSXODWLRQDYHUDJHG EDVHOLQHDGMXVWHG V\PSWRP VFRUH XVLQJ
WKH+HDOWK\2XWORRNYDULDEOHVRXWSHUIRUPHGWKHSUHGLFWLRQRI
WKH VLPSOH GHOD\HG EDVHOLQHDGMXVWHG V\PSWRP VFRUH 7KH
6SHDUPDQ FRUUHODWLRQ EHWZHHQ WKH WUXH DQG WKH SUHGLFWHG
RXWFRPHVRYHUWKHWHVWGDWDIROGVLQFUHDVHGIURPWKH
ODJJHG KHXULVWLF WR  +HDOWK\ 2XWORRN DQG WKH
.HQGDOOUDQNFRUUHODWLRQLQFUHDVHGIURPWR
6HH0XOWLPHGLD$SSHQGL[ IRUDGGLWLRQDOGHWDLO
3UHGLFWLQJ,QGLYLGXDOV6WDUWLQJ&RUWLFRVWHURLGV
,QFRQWUDVWWRWKHSUHGLFWLRQRIKRVSLWDODGPLVVLRQVWKHVWDQGDUG
VFRUHFRXQWLQJ DOJRULWKPV ZHUH PRGHUDWHO\ SUHGLFWLYH RI
GHFLVLRQV WR VWDUW FRUWLFRVWHURLG WUHDWPHQWV ERWK LQ WKH
FRPSOHWHGDWD DQG LQ WKH LPSXWHGGDWD VFHQDULR +HUH ZH
LQFOXGHGLQWKHDQDO\VLVRQO\HSLVRGHVZKHUHSDWLHQWVUHSRUWHG
QRWWDNLQJFRUWLFRVWHURLGVRQWKHILUVWGD\RIWKHH[DFHUEDWLRQ
7KHRQVHWHYHQWVZHUHGHILQHGDVWDNLQJFRUWLFRVWHURLGVRQWKH
IROORZLQJGD\8VLQJGHILQLWLRQ7H[WER[ZHREWDLQHGDQ
$8& RI   &,  IRU WKH FRPSOHWHGDWD
VFHQDULR ZLWK 1  HSLVRGHV DQG 1  FRUWLFRVWHURLG
WKHUDS\ RQVHWV 7DEOH  ,Q WKH LPSXWHGGDWD VFHQDULR ZH
REWDLQHGDQ$8&RI&,ZLWK1 
HSLVRGHVDQG1 FRUWLFRVWHURLGWKHUDS\RQVHWV$OWKRXJK
WKHPDFKLQHOHDUQLQJPRGHOVKHOSHGWRLPSURYHWKHSUHGLFWLRQV
OHDGLQJWRDQ$8&RI&,RQWKHWHVW
-0HG,QWHUQHW5HV_YRO_LVV_H_SKWWSZZZMPLURUJ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GDWDVHWVWKLVLPSURYHPHQWZDVUHODWLYHO\ORZHUWKDQLQWKHFDVH
RI SUHGLFWLQJ WKH DGPLVVLRQV 7KH DOJRULWKP IRU SUHGLFWLQJ
FRUWLFRVWHURLGRQVHWVDQRQSDUDPHWULFPRGHOXVHGIHDWXUHV
ZKHUHWKHPRVWLPSRUWDQWRQHDVVXJJHVWHGE\OLQHDUL]LQJZDV
WKHWRWDOV\PSWRPVFRUHRQWKHFXUUHQWGD\
Discussion
3ULQFLSDO5HVXOWV
,Q WKH FRQWH[W RI WHOHPRQLWRULQJ WUDGLWLRQDO DOJRULWKPV RI
SUHGLFWLQJH[DFHUEDWLRQVZLWKLPSXWDWLRQRIPLVVLQJV\PSWRP
GDWD ZHUH QR EHWWHU WKDQ FKDQFH ZKHQ WKH\ ZHUH XVHG IRU
SUHGLFWLQJD&23'DGPLVVLRQRYHU WKHVXEVHTXHQWKRXUV
DQG ZHUH RQO\ D OLWWOH EHWWHU WKDQ FKDQFH LQ WKH VXEVHW ZLWK
FRPSOHWHGDWDSURYLGHGE\SDWLHQWV7KHSHUIRUPDQFHRIPDFKLQH
OHDUQLQJ DOJRULWKPV ZDV FRQVLGHUDEO\ PRUH DFFXUDWH DQG LQ
SUDFWLFHDQGVXEMHFWWRVRPHFRQGLWLRQVZRXOGKDYHKDOYHGWKH
QXPEHURIIDOVHDOHUWVLQFRPSDULVRQZLWKWKHWUDGLWLRQDOPHWKRG
VHH0XOWLPHGLD$SSHQGL[ IRUDGGLWLRQDOGHWDLO7KHDOJRULWKP
UHDGLO\ LGHQWLILHG WKRVH DW KLJK DQG ORZ ULVN RI DGPLVVLRQ
VXJJHVWLQJWKDWLQDUHVRXUFHFRQVWUDLQHGHQYLURQPHQWDVLPSOH
WULDJHVWUDWHJ\IRUWDUJHWLQJDGGLWLRQDOFDUHFRXOGEHEDVHGRQ
XVLQJWKHRXWSXWRIRXUPHWKRG$GGLQJPHWHRURORJLFDOGDWDGLG
QRW VLJQLILFDQWO\ HQKDQFH WKH DFFXUDF\ RI WKH PRGHO DW DQ
LQGLYLGXDOOHYHODOWKRXJKLWGLGVRWRVRPHH[WHQWDWDJURXS
OHYHOIRUWKHSUHGLFWLRQRIDYHUDJHEDVHOLQHDGMXVWHGV\PSWRP
VFRUHVZKLFKFRXOGEHRIYDOXHWRVHUYLFHSODQQHUV:HIRXQG
WKDWERWK WKH VWDQGDUG V\PSWRPFRXQWLQJDOJRULWKPVDQG WKH
PDFKLQH OHDUQLQJ DOJRULWKPV ZHUH UHDVRQDEO\ DFFXUDWH IRU
SUHGLFWLQJWKHGHFLVLRQWRVWDUWFRUWLFRVWHURLGVZLWKLQKRXUV
/LPLWDWLRQV
'HVSLWHWKH7HOHVFRW&23'WULDO>@EHLQJRQHRIWKHODUJHVW
LQGLYLGXDOO\ UDQGRPL]HG WULDOV RI WHOHKHDOWK LQ &23' WKH
DEVROXWH QXPEHU RI DGPLVVLRQV LPPHGLDWHO\ SUHFHGHG E\ D
FRPSOHWHUHFRUGRISK\VLRORJLFDODQGV\PSWRPYDULDEOHVZDV
UHODWLYHO\VPDOOZKLFKPD\KDYHUHGXFHGWKHUHOLDELOLW\RIWKH
DOJRULWKP
7KHODFNRIDJROGVWDQGDUGGHILQLWLRQIRUZKDWFRQVWLWXWHVDQ
H[DFHUEDWLRQLVDFKDOOHQJHWRUHVHDUFKLQWKLVDUHD0DQ\PLOG
WRPRGHUDWHH[DFHUEDWLRQVZHUHGHILQHGE\PHGLFDWLRQXVHDQG
SDWLHQWV¶ LQGLYLGXDOL]HG PDQDJHPHQW SODQV DGYLVHG
FRPPHQFHPHQW RI DQWLELRWLFV ZLWK DQ LQFUHDVH LQ V\PSWRPV
HJ LI WKHLU VSXWXP ZDV GDUN JUHHQ 6RPH DOVR NHSW
FRUWLFRVWHURLGVZKLFKWKH\WRRNLIWKH\ZHUHYHU\EUHDWKOHVVRU
ZKHH]\7KLVVHOIPDQDJHPHQWPD\KDYHLQWHUIHUHGZLWKZKDW
ZRXOG RWKHUZLVH KDYH EHHQ WKH QDWXUDO KLVWRU\ RI WKH
H[DFHUEDWLRQUHGXFLQJWKHUHODWLRQVKLSEHWZHHQVRPHV\PSWRPV
DQGVLJQVDQGWKHRXWFRPHKRVSLWDODGPLVVLRQEXWSRWHQWLDOO\
VWUHQJWKHQLQJWKHUHODWLRQVKLSEHWZHHQVRPHFRPSRQHQWVRIWKH
DOJRULWKPDQGGHFLVLRQWRVWDUWFRUWLFRVWHURLGV1RQHWKHOHVVZH
ILQG WKHIDFW WKDW WKHPDFKLQH OHDUQLQJDOJRULWKPFDQSUHGLFW
IXWXUHDGPLVVLRQVGHVSLWHDGMXVWLQJIRUVHOIUHSRUWHGPHGLFDWLRQV
WREHHQFRXUDJLQJ
2QHPHWKRGRORJLFDOOLPLWDWLRQRIRXUDSSURDFKLVLWVUHOLDQFH
RQFURVVYDOLGDWLRQUDWKHUWKDQPXOWLSOHLQGHSHQGHQWFRKRUWV
IRU HYDOXDWLRQVRI WKHSUHGLFWLYHSHUIRUPDQFH ,Q DGGLWLRQ WR
LJQRULQJSRVVLEOHFRYDULDWHRUGLVWULEXWLRQVKLIWVDFURVVPXOWLSOH
FRKRUWVDQRWKHUZHOONQRZQGLVDGYDQWDJHRIFURVVYDOLGDWLRQ
LVWKHFRPSOH[LW\RIDSSUR[LPDWLQJFRQILGHQFHLQWHUYDOVRIWKH
SHUIRUPDQFHPHDVXUHV>@HVSHFLDOO\IRUVPDOORULPEDODQFHG
GDWDVHWV 7KH XVH RI D UHVDPSOLQJ DSSURDFK VXFK DV
FURVVYDOLGDWLRQZDVXQDYRLGDEOHJLYHQ WKH VPDOOQXPEHURI
ODUJH WHOHPRQLWRULQJ WULDOV IRU &23' )XUWKHU YDOLGDWLRQV LQ
XQUHODWHGGDWDVHWVZLOOEHQHHGHGWRFRQILUPRXUILQGLQJV2QH
VWUHQJWKRIRXUDSSURDFKLVWKHXVHRIFRPSOHPHQWDU\PDFKLQH
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